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Studying the Cooling Rate Effect Within Different Temperature
Range on Platelet Damage Extent

JlocimkeHo BIUIMB LIBUAKOCTI OXOJIOMKCHHSI B TEMIIEPaTypHHUX iHTepBajax KpucTamizamii kpioOionoriunoi cuctemMu ta
HHU3bKOTEMIIEPATYPHOI'0 €BTEKTHYHOTO PO3IIapyBaHHs PO3YMHY KPIONPOTEKTOpa Ha CTYIIHb IMOLIKO/PKEHHS TPOMOOIMTIB KPOBi
JIIOJIMHY, SIKUH BH3HAYal{ 3a aKTHUBHICTIO IIUTO30JILHUX ()EPMEHTIB B MO3aKJIITHHHOMY CEPEIOBHILI MiCJsi KPIOKOHCEPBYBaHHS.
IMoka3zaHo, 1110 IPOXOKEHHS 3a3HAYCHHUX TEMIIePATyPHUX IHTEPBAJIIB 3 [IEBHOIO KOHTPOILOBAHOIO IIBHIKICTIO 3HAYHO 3HIXKYE CTYIiHb
HOIIKO/DKEHHSI KPOB’ SIHUX TJIACTHHOK.

Kniouosi cnosa: xpiokoHcepBYBaHHS, TPOMOOLUTH, IIBHKICTb OXOJIOIKEHHSI.

HccnenoBaHo BIUSHUE CKOPOCTHU OXJIAXICHUS B TEMIIEpaTypHBIX HHTEPBaJIaX KPUCTAIN3aMKU KpUOOHOIOIHYECKOM CHCTEMBI U
HHU3KOTEMIIEPaTyPHOr0 IBTEKTHUECKOTO PACcCIOSHHs PacTBOPAa KPHUOIPOTEKTOpA Ha CTENEHb MOBPEXKICHHS TPOMOOLUTOB KPOBH
4eJI0BeKa, KOTOPYIO ONPEACISIM 0 aKTUBHOCTH LIUTO30JIbHBIX ()EPMEHTOB BO BHEKJIETOUHOMN Cpelie MOCie KpHOKOHCEPBUPOBAHUSL.
[Toxa3zaHo, 4TO IPOXOXKIEHNE YKA3aHHBIX TEMIIEPAaTypHBIX HHTEPBAJIOB C ONPEeICHHON KOHTPOIUPYEMO CKOPOCTBIO 3HAYUTEIBHO

CHMXKACT CTCIICHb NOBPECKACHUA KPOBAHBIX IJIACTUHOK.

Knrouesvie cnosa: KpuoKOHCEPBUPOBAHHE, TPOMOOLUTHI, CKOPOCTh OXJIAXKICHHS.

There was investigated the cooling rate effect within temperature range of cryobiological system crystallisation and low temperature
eutectic stratification of cryoprotectant solution on human blood platelet damage extent, determined by cytosol enzyme activity in
extracellular medium after cryopreservation. Passing through the mentioned temperature range with the certain controlled rate was

shown to significantly reduce the blood platelet damage extent.
Key-words: cryopreservation, platelets, cooling rate

Ha 1711 cyTTeBOTO 3MEHIIEHHS KITBKOCTI TOHOPIB
Ta M IBUIIEHHS KUTHKOCTI iH(IKOBaHOI KPOBI a/IeKBaT-
He 3a0e3Me4YeHH JIIKyBaJIbHHUX 3aKJIaiB KOHIIEHTPA-
TaMH TPOMOOIIMTIB MOXJIUBE JIMILIE 32 YMOBH BIIPOBa-
JOKEHHSI €()eKTUBHOTO CIOCO0Y iX JOBTOCTPOKOBOTO
30epiraHds — KpiOKOHCEpBYBaHHsS. 301JbIIEHHS
MIPOMIXKKY yacy Mix 3a00poM Ta TpaHC(y3i€to KpoBi
JI03BOJISIE IPOBOIUTH JOAATKOBE OOCTEKEHHS 3a1aciB
KpOBi Ha HasBHICTh 30yIHMKIB 1H(EKUIHHUX 3aXBO-
PIOBaHb, IO 3HAYHO 3MEHIITY€E PU3UK MepeIadi TpaHe-
MicuBHUX iH(pekmii. [IpoTsroMm TpuBasioro Jacy Be-
Iy ThCsI TIOITYKH METOTy KPIOKOHCEPBYBaHHS TPOMOO-
IIUTIB, SKWH 3a0e31eunB OW JOCTATHIN PiBEHH 010JI0-
TYHOI MOBHOIIHHOCTI UX KaiTHH. OQHICIO 3 HABaX-
JUBIMUX YMOB OTPUMAaHHS MaKCUMaJIbHOTO PiBHS
30epekeHOCTI KPOB’SHUX IUIACTHHOK IICHs BiIirpi-
BAaHHS € ONTHUMAJILHUN PEXUM IX OXOJOIXKEHHs [8].
Po3poOka ehekTHBHOTO METOLy KpiOKOHCEPBYBAHHS
MOXJIMBA JIMILIE HA OCHOBI HaIiiHOT KpioOionoriaHoi
Teopii Ta IPyHTOBHOTO BUBYEHHS 0i0XiMii Ta izionorii
TpomOonutie [14]. ¥ 3B 53Ky 3 UM BUHHUKAE
HE0OX1THICTh TPOBEACHHS TOCIIKSHb, CIIPIMOBAHHUX
Ha BHUSBIICHHS OKpeMHX (DaKTOPIB, SIKi MOXKYTh CIIPH-
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At the background of a significant decrease in
donor number and increase in infected blood amount
an adequate supplying medical institutions with plate-
let concentrates is possible only if introduce an effi-
cient way for their long-term storage: cryopreser-
vation. Extended time interval between blood procu-
rement and transfusion enables performing an additio-
nal examination of blood stocks for infectious disease
agent presence, that considerably reduces the risk for
infection transmission. The search for method of plate-
let cryopreservation with optimal cooling regimen,
which could provide a sufficient level of these cells
biological integrity has been made for a long time [8].
Elaboration of efficient cryopreservation method is
only possible if basing on a reliable cryobiological
theory and profound study of platelet biochemistry
and physiology [14]. Due to this fact there is necessity
inresearch, oriented to revealing some factors, capable
to damage platelets under cryopreservation.

The research was targeted to investigate the in-
fluence of samples’ cooling rate within temperature
range of cryobiological system crystallisation and low
temperature eutectic stratification of cryoprotectant
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YMHSATH [TOIIKOKEHHS TPOMOOLIUTIB MiJl Yac KPiOKOH-
CEpBYBaHHS.

Merta po60TH — TOCIIKEHHS BIUTUBY IIBHUAKOCTI
OXOJIOJKEHHSI 3pa3KiB y TEMIIEpaTypHUX iHTEepBaIax
KpHUcTami3aii KpiobioNoriYHo1 CHCTEMH Ta HU3BKO-
TeMIIEpaTypPHOTO €BTEKTHYHOTO PO3IIapyBaHHs pO3UH-
HY KpIOIPOTEKTOPA Ha CTYIIHb MTOIIKOHKEHHS TPOM-
OOIUTIB TiC/IA KPIOKOHCEPBYBaHHSI.

Martepiaan i metoaun

Marepiaiom Ui TOCHTIKeHb Oyai KOHLIEHTPaTH
tpom6OonuuTiB (KT), siki oTpuMyBanu QpakmioHyBaH-
HSIM IIBHOT JOHOPCHKOI KPOBi, 3arOTOBJIEHOI Ha
KoHcepBaHTI “Imioriuup” y mojiMepHi KOHTeHHepH
»lemakon” (BAT “Cuntes”, Pocis). Buninenns KT
3A1MCHIOBANN 3a JOMOMOTOI0 pedpuxepaTopHOi
uentpudyru LIPJI 05-01 y mepii 4oTHpu roguHH
miciist 3a0opy kpoBi 3a MmetonoM [ 1]. Ilepen npoBeneH-
HSM eKCTIEpUMEHTATBHIX Aociimkers KT 30epiramm
nipu emneparypi 20...24°C y konTeitaepax “Kowmmo-
mwiact” (BAT “Cuntes”, Pocis) no 18-24 rogun npu
NOoCTiHHOMY HepeMillyBaHHI Ha aBTOMAaTHYHiH
mimanii (ITIKiK HAHY) 3i mBuakictio 2 06/XB.
Kpiokonceprysanus KT npoBoannu 6e3 kpiompoTek-
TOpa Ta 3 BUKopucTaHHsaM 1,4 M pozunny JJMCO Ha
I1a3Mi, SIKHid TOTYyBaH ex tempore i fogasanu 10 KT
y cuiBBigHomeHHi 1:1. IIpu 3amopoxyBaHHi 6e3
KpIOTIPOTEKTOpPA 3aMICTh KPI03aXHCHOTO PO3YHHY Y
KOHLIEHTPAT KJIITUH BBOAWIM TaKHH ke 00’€M ayTo-
noriyHoi mna3mu. Kinnesuii 06’eM 3pa3ka CTAHOBUB
1,6 M. 3amMOpOXyBaHHS MPOBOIUIIN OAPA3y MiCIIS
BBEJIEHHS KPi03aXHUCHOTO PO3YUHY a00 ayTOJOTIHHOI
mta3mu B KT 3a 1onomMororo nporpaMHoro 3aMopoxy-
Baua “Cryoson” (Himeuuunna) y kpioammynax “Nunc”.
g peectpariii mporpamu 3aMOpPOXKYBaHHS B €TAJIOH-
HOMY 3pa3Ky BUKOPHCTOBYBAJIU Mi/Ib-KOHCTAHTAHOBY
Tepmonapy ta camonucenp “‘Endim 622.01” (Himeu-
YUHA).

[Ipu nocnijkeHH] BIUIMBY HIBHIAKOCTI 0X0JIO-
JDKEHHSI B TEMITEPaTypHOMY 1HTepBalli KprCTami3amii
Kpi00i0JIOTIYHOT CUCTEMHU Ha CTYITiHb MOIIKOKESHHS
TPOMOOIIUTIB 3aCTOCOBYBAIIH:

nporpamy 1 — 3pa3ok oXoJomKyBaau Big 22...24
10 —30...—-35°C 3i mBuakictio 1°C/xB, micias 4oro
HOTO0 3aHYPIOBAJIH y PIJKUH a30T;

nporpamy 2 — 3pa3oK OXOJIO[KYBaJId aHAJIOTTYHO
mporpawmi 1, ane A yHUKHEHHsI 3HAYHOTO ITEPE0X0JI0-
JOKEHHSI JIOJIaTKOBO MPOBOJUIIH TEMIEPaTypHY
iHIIIail0 KPUCTAIOYTBOPEeHHs [7], a B iHTepBaii
KpHUCTai3amii KpioOi0JI0Ti9HOT CHCTEMHU TICIIS 3HIATTS
MEPEOXOIIO/KEHHSI 3aCTOCOBYBAJIM KOHTPOILOBAHY
MIBUAKICTH OXOJIOMKEHHS 6...7°C/XB;

nporpamy 3 — 3pa3oK OXOJIOKYBaJIN aHAJIOTIYHO
Iporpami 2, aje micis MpoLeLypH 3HATTS Iepeoxoo-
JOKEHHSI 3MEHIYBald HIBUAKICTH OXOJOJKEHHS
3pa3ka y TeMIlepaTypHOMY IHTEpBalli KpUCTaTi3arii
KkpioGionoriunoi cucremu 10 0,2...0,3°C/xB.
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solution on the platelet damage extent after cryopreser-
vation.

Material and methods

Platelet concentrates (PCs), derived by the whole
donor blood fractionation, procured with “Glygicir”
preservative in “Gemakon” polymer containers (JSC
“Sintez”, Russia) served the investigation material.
PCs were isolated using the CRL 05-01 refrigerator
centrifuge within the first 4 hours after blood
procurement using the method [1]. Before experiment
performance the PCs were stored at 20...24°C in
“Kompoplast” containers (JSC “Sintez”, Russia) up
to 18-24 hours at a constant mixing with automatic
agitator (Institute for Problems of Cryobiology and
Cryomedicine of the National Academy of Sciences
of Ukraine) with 2 rot/min rate. PCs were cryopre-
served with no cryoprotectant use and with 1.2 M
DMSO solution on plasm, prepared ex tempore then
added into PCs in 1:1 ratio. During cryoprotectant-
free cryopreservation the same volume of autologous
plasm was introduced into cell concentrate instead of
cryoprotective solution. The final sample’s volume
was 1.6 ml. Freezing was carried-out just after intro-
ducing cryoprotective solution or autologous plasm
into PCs by means of programmable freezer “Cryoson”
(Germany) in “Nunc” cryoampoules. The copper-
constant thermocouple and “Endim 622.01” plotter
(Germany) were used for freezing program recording
in the standard sample.

When investigating the influence of cooling rate
within the temperature range of cryobiological system
crystallisation on the platelet damage extent the
following programs were applied:

Program 1: the sample was cooled from 22...24
down to —30...—35°C with 1°C/min rate with following
immersion into liquid nitrogen;

Program 2: the sample cooling procedure was the
same as for the program 1, but in order to avoid a
considerable overcooling an additional temperature
initiation of crystal formation was carried-out [ 7], and
a controlled cooling rate of 6...7°C/min was applied
within the range of cryobiological system crystallisa-
tion after overcooling elimination;

Program 3: the sample cooling procedure was the
same as for the program 2, but after procedure of
overcooling elimination the sample cooling rate was
reduced within the range of cryobiological system
crystallisation down to 0.2...0.3°C/min.

When applying the programs with crystal formation
temperature initiation the overcooling did not exceed
0.5...1°C.

Samples were frozen according to the mentioned
programs with and without cryoprotectant.

The programs 4 and 7 were applied when studying
the influence of samples’ cooling rates within
temperature range of low temperature eutectic
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[Ipu 3actocyBaHHI mporpam 3 TeMIIepaTypHOIO
1HIITIa1i€0 KPUCTAIOYTBOPEHHS IEPEOXOIIOIKEHHS He
nepesuinysano 0,5...1°C.

3aMOpOKyBaHHS 3pa3KiB 3a BKa3aHHUMHU MPOTpa-
MaMH 311HCHIOBAJIH 3 KPIOMPOTEKTOPOM Ta 63 HhOTO.

[Ipu mocnimpkeHH] BIUTMBY IIBUKOCTI OXOJIOKEH-
HS 3pa3KiB y TEMIIEPaTypPHOMY iHTepBali HU3bKOTEM-
MepaTypHOro €BTEKTUYHOTO PO3ILapyBaHHs PO3UNHY
KpIOTIPOTEKTOpa HA CTYMiHb MOIIKOPKEHHS TPOMOO-
IIUTIB 3aCTOCOBYBANN TIporpamu 4-7 (Tabmuiist).

Pesynprarn, oTprMaHi mpu KpioKOHCEPBYBaHHI 3a
rporpamamu 4-7, MOpiBHIOBAJIH 3 Pe3ybTaTaMU 3aMO-
POXyBaHHA 3a MPOrpamoro 1.

3pasku BigirpiBanu Ha BojsHiM Oani mpu 37°C.
O1iHKy CTyHEHs MOLIKOMIKEHHS KJIITHH BU3HAYAIIN 32
aKTHBHICTIO Y CylIepHATaHTi LIUTO30IbHUX (DEPMEHTIB
(makrarnerigporenasu (JIJII') Ta rmoko30-6-dpocdar-
nerigporenaza (I'6®/I")) micna ueHTpuyryBaHHS
po3mopokeHux 3pas3kiB npu 3000 06/xB mpoTsarom
15 xB. AxtuBHicTs [6D/II" y 400 Mk 6igHOT Ha
TPOMOOIINTH TJIA3MHU BU3HAYAIIW B | MJI CepeIoBHIIA,
sike Mictuthb 120 MM Tpuc HCI 6ydepa (pH 8); 10 MM
MgCl; 0,9 MM NADP; 2,0 MM rimok030-6-¢pocdary
(I'6®) [6]. AxktuBnicts JIAI' B 50 Mxa GigHOi Ha
TPOMOOIINTH TJIa3MH BU3HAYAIW B | MJI cepeIoBHIIA,
mo mictute 100 MM Tpuc HCI 6ydepa (pH 8.8);
0,9 MM NAD; 2,0 MM naktaty [4]. AKTUBHICTH
(epMeHTIB peecTpyBalu Ha IABOXIIPOMEHEBOMY
cnekrpodoromerpi Specord UV VIS (Himeuunna)
npu noBxuHi xBuii 340 HM, pu Temneparypi 37°C i
nocTiiHOMY nepemimryBaHHi. [loka3HUKHM aKTHBHOCTI
6/l i JI/II' Bupakanu y BiJICOTKaX IO BiTHOIICHHIO
710 TOKAa3HUKIB MAKCUMAJIbHOTO BUXOIY IUTO30IbHUX
(hepMeHTIB 3 KIIITHH, SKi OJIepKyBaJIH IUISIXOM TePMO-
UKJTIOBAHHSA 3pa3KiB (3aMOpOXXKyBaHHS 0€3 Kp1oTpo-
TEKTOpa 3 3aHYPEHHSM Yy PiIKUHA a30T Ta BiAITPiBaHHSA
ipu 37°C mOBTOPIOBANIN TPUYi).

CraructuaHy 0O0pOOKY pe3yNbTaTiB JAO0CIHIKEHb
npoBoamwin MetogoM CThIOJIEHTA 3a JOIMOMOTOI0
koM roTepHoi nporpamu MS Excel.

Pe3yAbTatn Ta 00roBopeHHs

KpiokoHCcepByBaHHS HEOAMIHHO MPHU3BOOUTDH 110
MOIIKO)KEHHS MEBHOI YaCTUHU KJITHH 1 CYIpPOBO-
JUKY€ETBCA BUXOAOM 3 HUX BHYTPILIHBOKITITHHHUX
KOMITOHEHTiB. CTyMiHb MOMIKOMKEHHS TPOMOOIIUTIB
BH3HAYAIOTh 3a BMICTOM CrielH(DiuHUX TPOMOOLIUTAP-
HUX mpoTeiHiB [16], pmyopoxpomis [15] Ta 3a akTHB-
HICTIO IIUTO30JbHUX (DEPMEHTIB y IMO3aKIIITHHHOMY Ce-
pemoBumi [9, 11, 13]. Haliwacrime mapkepoM Kpiorio-
LIKO/KEHHS TPOMOOIINTIB OOMPAIOTh KIIOYOBUH (hep-
MeHT rtikoni3y — JIL, sikuii B KpoB’ IHUX IUIACTHHKAX
Mae Jekiibka i3odopm. BpaxoByroun Te, mio miaBu-
menHs aktuBHocTi JIJII' y kpiozaxucHoMy cepezno-
BUIII ITiCJISI 3aMOPOXKYBaHHS-BiAIrpiBaHHS MOXe Oy TH
3yMOBJICHE HE TIIBKM BUXOJOM €H3UMY 3 KIIITHH, a i
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[Iporpamu 3amopoxxyBaHHS 4-7
Freezing programs 4-7

]_L[BI/IAKiCTB OXOAOAPKEHHS BTeMIlepaTypHUX
inTepBanax,’C/xB
[Tporpamu Cooling rate within temperature range, °C/min

Programs

22..—35°C —35..—70°C —70...—196 °C

3aHypeHHs B

pipkuit azoT
Plunging into
liquid nitrogen

3aHypeHHS B

pipkuit azoT
Plunging into
liquid nitrogen

3aHypeHHS B

pipKuit azoT
Plunging into
liquid nitrogen

10-15

3aHypeHHA B

piakuit azor
Plunging into
liquid nitrogen

25-30

stratification of cryoprotectant solution on platelet
damage extent (Table).

The results obtained during cryopreservation by
the programs 4-7 were compared with those of freezing
by the program 1.

Samples were thawed on water bath at 37°C. The
cell damage extent was evaluated by the activity in
supernatant of lactate dehydrogenase (LDH) and glu-
cose-6-phosphate dehydrogenase (G6PDH) cytosol
enzymes after centrifuging frozen-thawed samples at
3000 rot/min for 15 min. The G6PDH activity in 400 pl
of platelet-poor plasm was determined in 1 ml of
medium, comprising 120 mM Tris HCI buffer (pH 8);
10 mM MgCl; 0.9 mM NADP; 2.0 mM glucose-6-
phosphate (G6P) [6]. LDH activity in 50 ml of platelet-
poor plasm was detected in 1 ml of medium (100 pl
Tris HCI buffer (pH 8.8); 0.9 mM NAD; 2.0 mM
lactate) [4]. Enzyme activity was recorded with two-
beam spectrophotometer Specord UV VIS (Germany)
at 340 nm wavelength. Enzyme activity was determi-
ned at 37°C and a constant mixing. Indices of G6PDH
and LDH activities were expressed in percentage
towards the indices of cytosol enzyme maximum
outcome out of cells, which were obtained via samples’
thermocycling (repeated thrice cryoprotectant-free fre-
ezing with immersion into liquid nitrogen and thawing
at 37°C).

Investigation results were statistically processed
with by Student’s method using MS Excel software.

Results and discussion

There is no doubt that cryopreservation results in
damaging some part of cells and is accompanying with
intracellular component release out of them. Platelet
damage extent is determined by the content of specific
platelet proteins [16], fluorochromes [15] and by
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HU3BKOTEMIIEPATYPHOIO ridpuaun3aliero, To0To nepe-
XOJIOM OfIHi€T 130opMuU (pepMEHTY B iHIIY, IPU AOC-
JIKSHH1 CTYTEHs MOLIKOP)KEHHS TPOMOOLUTIB Micst
KpiOKOHCEPBYBaHHS JOJATKOBO BU3HAYAIN AKTUBHICTb
IHIIOTO LHUTO30JHHOTO (hEPMEHTY, CTIMKOro A0 mii
3aMopoXXyBaHHA-BifirpiBanus I'6D/I [6].

Bigomo, 110 o/IMH 3 BiAIOBIJAIBHUX €TAITiB KPio-
KOHCEPBYBaHHS — OXOJIO/KEHHS 010JI0T9HOTO 00’ €KTa
B TEMIIEpaTypHOMY iHTEpBaIIi KprcTajizaii Kpiohio-
JIOTIYHOT CHCTEMH, a CTYIiHb MEPEOXOIOMKEHHS —
OIMH 3 (aKTopiB, 10 MAE BU3HAYAJIbHUN BIUIMB Ha
Ppe3yaBTaTH 3aMOPOXKyBaHH-BiAirpisanus. [Ipu noci-
JDKeHHI pi3HUX YMOB KpiokoHcepByBaHH: KT BcTaHOB-
JICHO, 110 3MEHLICHHS BEIMYMHU MEPEOXOJIOHKEHHS
MPU3BOAUTH 10 MiABUIIEHHSI MOPGOPYHKITIOHAIBHOT
30epexkeHocTi TpoMOonuUTiB [3].

Mertoro nepioro eramy Hamoi poooTu OyIo 1ocmi-
JOKCHHS BIUTMBY MPOTPAMHOTO 3HATTS MEPEOXOIIO-
JOUKEHHS Ha CTYIIHb MOIIKO)KEHHS TPOMOOILHTIB,
BHU3HAYEHHH 32 aKTUBHICTIO ITUTO30JIbHUX (PEPMEHTIB
y MO3aKJIITHHHOMY CEpPEIOBHIII ITICISI 3aMOPOXKY-
BaHH# 0e3 KpiomporekTopa Ta 3 0,7 M JIMCO.

3amopoxysanHs KT 0e3 kpionpoTekropa 3a npor-
pamoro | mpU3BOAWTH O MiJBHIICHHS aKTUBHOCTI
JIAL y mnaswmi y 3,5 pasu, a T6DAI — maibke y 5 pasis
(puc. 1). Aktuszicts JIII" Ta T6DAI micns 3amopo-
XKyBaHHA 0e3 KpiompoTeKTopa 3a mporpamoio 2
MEPEBUILY€ AKTUBHICTh JaHUX (PEPMEHTIB 710 3aMOPO-
»KyBaHHS BiamoBinHo B 1,9 Ta 2,6 pasu. KpiokoHncepsy-
Barasa KT 3 0,7 M IMCO 3a nporpamoro 1 mpu3Bo-
JUTH 70 T aBuIeHHs akTuBHOCTI JIJII' y mmasmi B 1,7,
a6’ —y 2,5 pazu. AxtusHicts JI/II" Ta 6D
micns kpiokoncepsyBanHsa KT 3 JIMCO 3a nmporpamoro
2 mepeBUIIyE€ aKTHUBHICTh AaHUX (PEPMEHTIB 10
3aMOpOXKyBaHHS BiqnoBinHo B 1,3 Ta 1,6 pa3u. Takum
YUHOM, OTPUMAaHi pe3yiabTaTH CBigYaTh, IO MPOT-
paMHe 3HATTS MEPEOXOJIOKCHHS MIPU 3aMOPOXKY-
BaHHi 0e3 KpionpoTekTopa Ta B npucyTHocti JMCO
CYIPOBOKY€ETHCS 3HAYHO MEHILUM ITOIIKOIKEHHAM
KJIITHH, Hi’K 3aMOPOKYBaHHS 0€3 3HATTS IIEPEOXO0JIO-
okeHHS. [Ipr 11boMy B IPUCYTHOCTI KPiOMPOTEKTOpa
CHJIa BIUTHBY TEMIIEPATypHOI iHIIliaIlii KPHCTAIIOYTBO-
PEHHS Ha CTYMiHb MOIIKOMKEHHS KIIITHH € TIOMITHO
MEHIIIOI0, Hi)K 32 HOTO BICYTHOCTI. Pi3HUIII MiX 1MO-
Ka3HMKaMH HOLIKOPKEHHS IIPH 3aMOpPOKyBaHHI 3a
nporpamamu 1 Ta 2 3a BiACYyTHOCTI KpiompoTeKTOpa
ckiana 0nu3eko 25-30 %, a 3 JIMCO — 6mm3bko 7-10%.
JloCTOBIpHHX BIZIMIHHOCTEH MiXkK IMOKa3HUKAMH ITOIII-
KOJDKEHHsI TpOMOOLMTIB micnsa 3amopoxxyBanHa KT
0e3 KpioIlpoTeKTOpa 3 MPOTrPAMHUM 3HATTSIM IIEPEOXO0-
JIOIKEeHHS Ta micis kpiokoHcepByBaHHs KT 3 0,7 M
JAMCO 6e3 3HATTS IEPEOXONIOMKCHHS HE BUSBICHO.

Hocmimkenns Mazur P. noBenu, mo BiacHe mepe-
OXOJIOJDKEHHS 0e3 KpHucTaiizallii mo3aKIiTHHHOI Ta
BHYTPIIIHBOKJIITUHHOT BOIU HE IIPU3BOAUTH IO MO~
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Puc. 1. Brums 3amopoxyBanas KT 6e3 kpiomporekTopa
ta3 0,7 M JIMCO 3a nporpamamu 1 Ta 2 Ha CTYIIiHb OLI-
KOM)KCHHSI TPOMOOIMTIB, BU3HAYCHUN 3a aKTUBHICTIO
IUTO30JILHUX (PEPMEHTIB Y MO3AKIITHHHOMY CEPCIOBHIII:
W JIAT, O-T6dDAl; 1 — 1o 3aMOpoKyBaHHS;, 2 — MiCIs
3aMOpOXKyBaHHS 0€3 KpiolpoTeKTopa 3a mporpamoro 1; 3 —
0e3 kpionpoTekropa 3a mporpamoio 2; 4 —3 0,7 M IMCO
3a mporpamoro 1; 5 -3 0,7 M JIMCO 3a nporpamoro 2; 6 —
MICIIST TEPMOIUKITIOBAHHS, * — BIIMIHHOCTI CTaTUCTHYHO
JIOCTOBIpPHI BIZIHOCHO TIOKa3HHUKIB MICJIs 3aMOPOXKYBaHHS 32
nporpamoro 1; # — BiAMIHHOCT] CTaTUCTUYHO AOCTOBIpHI

BiTHOCHO ITOKA3HHUKIB MICJIS 3aMOPOKYBaHH 0€3 Kpionpo-
TEKTOpPa 3a BiJNOBIJHOIO IPOrPaMoIo.

Fig. 1. Effect of cryoprotectant-free PCs freezing and with
0.7 M DMSO by the programs 1 and 2 on platelet damage
extent, determined by cytosol enzyme activity in extracel-
lular medium: @ — LDH; O— G6PDH; 1 —before freezing;
2 — after cryoprotectant-free freezing by the program 1; 3 —
cryoprotectant-free by the program 2; 4 — with 0.7 M DMSO
by the program 1; 5 — 0.7 M DMSO by the program 2; 6 —
after thermocycling; * — differences are statistically
significant in respect of indices after freezing by the prog-
ram 1; #— differences are statistically significant in respect
of indices after cryoprotectant-free freezing by the corres-
ponding program.

cytosol enzyme activity in extracellular medium [9,
11, 13]. A key enzyme of glycolysis: LDH, having
some isoforms in blood platelets is the most often
selected marker for platelet cryodamage. Taking into
account that the LDH activity increase in cryopro-
tective medium after freeze-thawing may be stipulated
not only by the enzyme release out of cells but low
temperature hybridisation, i.e. the transition of one
isoform into another one as well, the activity of other
cytosol enzyme: G6PDH, resistant to freeze-thawing
effect was additionally determined when investigating
the platelet damage extent after cryopreservation [6].

Biological object cooling down within the tempe-
rature range of cryobiological system crystallisation
is known to be one of responsible stages of cryopreser-
vation, but the overcooling extent is one of the factors
considerably affecting freeze-thawing results. When
studying different conditions for PCs cryopreservation
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KOIKeHHS KIiTHH. OHAK TePEOX0I0MKEeHHS 3HAYHO
BIUIMBAE HA XapaKTep KpHCTaTi3aIllii B CUCTEMI: Bif
HOT0 BEJIMUMHY 3aJ1€KaTh KpUTHYHHUN PO3Mip KpUCTa-
JIYHOTO 3apoiKa, MBUAKICTE YTBOPEHHS, PO3MIp Ta
¢dopma xpuctanis [2, 5]. [Ipu 3amopoxxyBaHHI 3a
mporpamoro 1, sika He nepeadayae npouenypy 3HATTA
MEPEOXOTIOIKEHHS, MOXKIIUBE MTOIIKOIKEHHS TPOMOO-
LIUTIB 5K Ha €Talli 3aMOPOXKyBaHHS BHACIIOK IIBU/I-
KOTO BHYTPIIIHbOKJIITHHHOTO KPUCTAIOYTBOPEHHS,
TakK i Mpy BigIrpiBaHHI B pe3yJIbTaTi peKpUCTaTi3arii-
HUX TporieciB. O4eBUIHO, TIporpamMa 2 3a paxyHOK
3HATTA TEPEOXOJOKEHHS 3HUXKY€E WMOBIpHICTH
BHYTPINIHLOKJIITHHHOT KpUCTali3alii Ta 3abe3neuye
YTBOPEHHS OUTBII CTaO1IBHOI MIO0 peKpUCTATI3aIii
CTPYKTYPH JbOZY.

Ockinbku porpama 2 nepeadadae He TiTbKHU 3HST-
TSl IEPEOXOJIOMKEHHS, @ ¥ MPOXOIKEHHS 3 MEBHOIO
KOHTPOJHOBAaHOIO IMBUAKICTIO (6...7°C/XB) BCHOTO
iHTepBally KpHcTamizanii KpioOionoriyHoi cucTemu,
MH JIOCTII TN BIUTUB IBUIKOCTI OXOJIOXKEHHSI CUCTe-
MU B TEMIIEPATYPHOMY 1HTEPBaIIi KpHUCTATI3aIli] micis
3HATTS NIEPEOXOJIOPKEHHS Ha CTYIIIHb TTOIIKOKEHHSI
TpoMOonuTiB. J{JIs1 MBOTO JTOJJATKOBO 3aCTOCYBAJIH
nporpamy 3, sika 3a0e3nednsia 3HATTS MEPEOXOJIo-
JOKEHHSI Ta 3MEHIIICHHS HIBHJKOCTI OXOJIO/PKEHHS B
3a3Ha4E€HOMY TeMIIepaTypHOMY I1HTEpBaii 10
0,2...0,3°C/xs.

3amopoxysanHs KT 0e3 kpionpoTekropa 3a npor-
pamoi0 3 MpU3BOAUTH 1O IMiJBHULICHHS aKTUBHOCTI
JIAT y 3pa3kax B 3,9 pasu, a ['6@D/II" — 6 pazis y no-
PIBHSIHHI 3 aKTUBHICTIO 10 3aMOPOXYBaHHS (pHC. 2).
AxrtusHicth JIAT' Ta [6DAI" micnst kpiokoHCEpBY-
BaHHA KT 3 0,7 M JIMCO 3a nporpaMoro 3 nepeBu-
IIy€ aKTUBHICTh TaHUX (PEPMEHTIB JI0 3aMOPOXKyBaH-
HS BiAMOBiAHO y 2,2 Ta 3,8 pa3u. CTyIiHb HOMIKOIKEH-
HS TPOMOOIHTIB, 3aMOPOXKEHUX 3a MPOrpamoro 3 y
MIPUCYTHOCTI KPiOMPOTEKTOpa Ta 6€3 HHOTO BUSIBUBCS
JOCTOBIPHO BUIIINM, Hi’K 3aMOPOKEHHUX 3a IPOTPaMOI0
2. 3MEHIIICHHS MBHUIKOCTI OXOJIOKEHHS B TEMIIEpa-
TYpHOMY iHTEpBaJi KpUCTali3awii CHCTEMH MPHU3BO-
JWTH 10 301IBIIEHHS TPUBAJIOCTI poLiecy KpUcTaiza-
uii. O4eBUAHO, OCHOBHUM MEXaHi13MOM HOIIKOKEHHSI
KJIITHH 32 IUX YMOB € TaK 3BaHUU “e(eKT po3unHy”,
LI0 MPOSIBISIETHCS IPH 3aCTOCYBaHH1 CyOONTUMAIBHUX
LIBUAKOCTEH oxonomkeHHs [12]. Y npucyTHOCTI Kpio-
MIPOTEKTOpa IMOIIKOKYIOUHI BIUTUB “‘€(heKTy pO3UH-
Hy”’ 3HAYHO 3MEHIIYETHCS: PI3HUIIL MI>K TOKa3HUKAMU
MOIIKOJIKECHHSI IPH 3aMOPOXKYBaHH1 0e3 KpiompoTeK-
Topa 3a mporpamamu 2 ta 3 ckiana 6musbko 34-37 %,
a rnpu KpiokoHcepsyBanHi 3 IMCO — 16-22 %.

OTtxe, mpoueaypa 3HITTS MEPEOXOJIOIKEHHS —
crnoci0 YHUKHEHHS IIBUIKOI HEKOHTPOJIbOBAHOT
KpHCTaNi3alii O3aKJIITHHHOTO PO3YHHY Ta 3HHKECHHS
WMOBIPHOCTI BHYTPIIIHBOKIITHHHOI KpHCTai3allii,
10 3a0e3nevye YTBOPEHHs OUIbII cTabiIbHOI CTPYK-
TypH jJbony. OnHak pe3yabTaTH HAaIIMX JOCIiIKEHb
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a decrease in overcooling value was established to
result in platelet morphofunctional integrity rise [3].

Our research first stage was targeted to investigate
the influence of overcooling programmable elimina-
tion on platelet damage extent, determined by cytosol
enzyme activity in extracellular medium after cryopro-
tectant-free and with 0.7 M DMSO freezing.

Cryoprotectant-free PCs freezing by the program
1 results in a 3.5- and almost 5-fold activity increase
in plasm for LDH and G6PDH, correspondingly. LDH
and G6PDH activities after cryoprotectant-free
freezing by the program 2 exceed the activity of these
enzymes before freezing in 1.9 and 2.6 times,
correspondingly. PCs cryopreservation with 0.7 M
DMSO by the program 1 results in LDH and G6PDH
activity rise in plasm in 1.7 and 2.5 times, correspon-
dingly. LDH and G6PDH activities after PCs cryopre-
servation with DMSO by the program 2 exceed the
activity of these enzymes before freezing in 1.3 and
1.6 times, respectively. Thus, the results obtained
testify that a programmable overcooling elimination
under cryoprotectant-free freezing and in DMSO
presence is accompanied by a significantly lower cell
damage, than freezing without overcooling elimina-
tion. At the same time, in cryoprotectant presence the
influence strength of temperature initiation of crystal
formation on cell damage extent is distinctly lower
than under its absence. Difference between damage
indices under freezing by the programs 1 and 2 with
no cryoprotectant use was about 25-30% and about 7-
10% for DMSO. No statistically significant differences
between the platelet damage indices after cryoprotec-
tant-free PCs freezing with a programmable overcoo-
ling elimination and after PCs cryopreservation with
0.7 M DMSO without overcooling elimination, were
revealed.

Mazur revealed that the overcooling itself without
extracellular and intracellular water crystallisation
does not result in cell damaging. However the overcoo-
ling considerably affects the crystallisation character
in the system: a critical size of crystal nucleus, forma-
tion rate, crystal size and form are dependent on its
value [2, 5]. When freezing by the program 1, which
does not foresee the procedure of overcooling elimi-
nation the platelet damage is possible both at freezing
stage due to a rapid intracellular crystal formation and
under thawing as a result of recrystallisation processes.
Evidently, the program 2 due to overcooling elimina-
tion reduces the probability of intracellular crystal-
lisation and provides the ice structure formation being
more stable to recrystallisation.

Since the program 2 foresees not only the over-
cooling elimination but passing with the certain
controlled rate (6...7°C/min ) through all the range of
cryobiological system crystallisation as well, we have
investigated the effect of system cooling rate within
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Puc. 2. Binus kpiokoncepyBanHs KT 6e3 kpionpoTekTopa
ta3 0,7 M JIMCO 3a nporpamamu 2 Ta 3 Ha CTyIiHb MOLI-
KOI)KCHHS TPOMOOIIMTIB, BUSHAYCHUH 32 aKTHBHICTIO
LUTO30JIbHUX (PEPMEHTIB y HO3aKJIITHHHOMY CEePEIOBHIILI:
W - JIAT; O-T6DAl; 1 — 1o 3aMOpoXKyBaHHS; 2 — MiCis
3aMOpPOXKYBaHH: 0e3 KpiONPOTEKTOpa 3a mporpamoro 3; 3 —
6e3 kpionpoTekropa 3a nmporpamoro 2; 4 —3 0,7 M JIMCO
3a mporpamoto 3; 5 —3 0,7 M JIMCO 3a nporpamoro 2; 6 —
IICIIsT TEPMOIUKITIOBAHHSA;, * — BIIMIHHOCTI CTaTUCTHYHO
JIOCTOBIpHI BiITHOCHO TIOKa3HHUKIB MiCJIs 3aMOPOXKYBaHHS 32
nporpamoro 3, p<0,05; # — BIAMIHHOCTI CTaTUCTUYIHO
JIOCTOBIPHI BITHOCHO MOKA3HHKIB MICIA 3aMOPOKYBaHHS
0e3 KpioMpOTEKTOPa 3a BiAMOBiAHOO porpamoro, p<0,05.

Fig. 2. Effect of cryoprotectant-free PCs freezing and with
0.7 M DMSO by the programs 2 and 3 on platelet damage
extent, determined by cytosol enzyme activity in extracel-
lular medium: @— LDH; O0— G6PDH; 1 — before freezing;
2 — after cryoprotectant-free freezing by the program 3; 3 —
cryoprotectant-free by the program 2; 4 —with 0.7 M DMSO
by the program 3; 5 — 0.7 M DMSO by the program 2; 6 —
after thermocycling; * — differences are statistically
significant in respect of indices after freezing by the program
3; # — differences are statistically significant in respect of
indices after cryoprotectant-free freezing by the correspon-
ding program, p<0.05.

JIOBEJH, IO 3HATTS MEPEOXONIOKEHHs 0e3 perylo-
BaHHS IIBUAKOCTI MPOXOUKEHHS 1HTEpBaly KpHCTa-
nizamii KpioOioJOTIYHOT CUCTEMU MiCIs 3HATTA
MEPEOXONIOIKEHHA HE Ma€ MO3UTHBHOIO BIUIMBY Ha
30epexeHicTh KIITUH. TidbKU MOEMHAHHS 3HATTS
MEePEOXOJOMKEHHS 3 MEBHOK KOHTPOJIbOBAHOO
MIBHJIKICTIO OXOJIOJKEHHS B JIAHOMY TeMIIEPaTypHOMY
IHTEepBaJi MOXKE 3a0€3MEeYNUTH ICTOTHE 3HWKECHHS
CTYICHS TOUTKOJKEHHS KPOB’ SIHUX IIACTHHOK.

JocnikeHHsT OCTaHHIX POKiB BUSBUIN SIBHIIEC
HU3BKOTEMITEPATYPHOTO €BTEKTUYHOTO PO3IIApyBaHHS
PO3UYHMHIB KpiONPOTEKTOPiB. 3p00IEHO NPUITYLICHHS,
o NaHui (Qi3MYHUI YMHHUK MOXE BUKIHUKATH
JIETaIbHI MOIIKO/PKEHHS KpionabinbHuX KiiTHH [10].

Meroto Apyroro erary A0CIiIKeHb OyJI0 BUBYCHHS
BIUIMBY IIBUIKOCTI OXOJIOAXKEHHS 3pa3KiB y iHTEpBai
HU3BKOTEMIIEPATyPHOTO €BTEKTUYHOT'O PO3IIapyBaHHS
po3unny JIMCO Ha cTyniHb HOUIKOMKEHHS TPOMOO-
LIUTIB.
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Puc. 3. Brutus kpiokoncepsyBanus KT 3 0,7 M JIMCO 3a
nporpamamu 1, 4, 5, 6, 7 Ha CTYNiHb MONMIKOIKCHHS
TPOMOOLNTIB, BU3HAYCHUI 32 aKTHBHICTIO IIUTO30JIBHUX
(hepmeHTIB y mo3akimiTHHHOMY cepenosuiti: l— JIJI; O0—
I'6DI; 1 — micast 3aMOpoOXKyBaHHs 32 Iporpamoro 4; 2 —
3a mporpamoto 5; 3 — 3a nporpamoro 6; 4 — 3a IporpaMmoro
7; 5 — 3a mporpamoro 1; * — BIIMIHHOCTI CTaTUCTHYHO
JIOCTOBIpPHI BIZIHOCHO TIOKa3HUKIB MICIIs 3aMOPOXKYBaHHS 32
nporpamoro 1, p<0,05.

Fig. 3. Effect of PCs freezing with 0.7 M DMSO by the
programs 1,4, 5, 6, 7 on platelet damage extent, determined
by cytosol enzyme activity in extracellular medium: Bl —
LDH; O- G6PDH; 1 — after freezing by the program 4; 2 —
by the program 5; 3 — by the program 6; 4 — by the program
7; 5 — by the program 1; * — differences are statistically
significant in respect of indices after freezing by the program
1; # — differences are statistically significant in respect of
indices after freezing by the program 1, p<0.05.

the crystallisation temperature range after overcooling
elimination on the platelet damage extent. For this
purpose we additionally applied the program,
providing the overcooling elimination and cooling rate
reduction within the mentioned temperature range
down to 0.2...0.3°C/min.

Cryoprotectant-free PCs freezing by the program
3 results in the LDH and G6PDH activity increase in
samples by 3.9 and 6 times, correspondingly, compared
to the activity before freezing (Fig. 2). LDH and
G6PDH activities after PCs cryopreservation with
0.7 M DMSO by the program 3 exceed these enzymes
activity before freezing by 2.2 and 3.8 times,
correspondingly. The damage extent of platelets,
frozen by the program 3 with/without cryoprotectant
was revealed as statistically and significantly higher
than in those frozen by the program 2. Cooling rate
decrease within the temperature range of system
crystallisation augments the crystallisation process
duration. Evidently, the principle mechanism of cell
damage under these conditions is so-called “solution
effect”, manifesting under suboptimal cooling rates
application [12]. In cryoprotectant presence a
damaging influence of “solution effect” considerably
decreases: a difference between damage indices under
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[Ipu migBHUIIEHH] MIBUAKOCTI OXOJIOKEHHS B TEM-
MepaTypHOMY IHTE€pBaJli HU3bKOTEMIIEPATYPHOTO €B-
TEKTHYHOTO PO3LIAPYBaHHS PO3YHHY KPiOIIPOTEKTOPa
CIOCTEPIraeThCsl TEHACHLS O 3MEHIIECHHS CTyIeHS
MOILIKOKEHHS TPOMOOLIUTIB Micysl 3aMOPOKYBaHHSI-
BiIirpiBaHHs, ajne MIBUIKICTB, SIKa Peati3yeTbes MpH
IpSIMOMY 3aHYpPEHHI 3pa3ka y piAKHii a30T, € 3aHAATO
BEJIMKOIO, MPO LIO CBiAYaTh Pe3yNbTaTH 3aMOPOXKY-
BaHHA 3a rporpamoio 1 (puc. 3). OnTuMaibHy IIBUA-
KICTBh MPOXO/DKCHHS JTAHOTO TEMIIEPaTypHOTO 1HTEp-
Bairy ipu KpiokoHcepByBaHHi KT 3 JIMCO 3a0e3neuye
3aCTOCYBaHHS ITporpamu 7. He BUSBIIEHO TOCTOBIpHHUX
BIIMIHHOCTEH MIX ITOKa3HUKAMH IOIIKOHKEHHS
TpoMOOLUTIB micis kpiokoHcepByBaHHI KT 3 JIMCO
3a nporpaMamu 2 ta 4-7.

[Nomanbuoro MeToro Haoi po6oTH Oye onepxKaH-
HSI ONTUMaJIBHOTO PEXHUMY KPIOKOHCEPBYBaHHS
KpPOB’SIHUX MJACTHHOK 3a PaxyHOK NO€IHAHHSA
[IPOrPaMHOTO 3HATTS EPEOXOIOPKEHHS 3 KOHTPOJIBO-
BAHOIO LIBUJIKICTIO OXOJIOAKEHHS B IHTEpBaIax Kpuc-
Tajizarii Kpio6ioIoriYHOl CHCTeMH Ta HU3bKOTEMIIE-
paTypHOTO €BTEKTUYHOTO PO3IIApyBaHHS PO3UHHY
KpIOIIPOTEKTOpA.

BucHosku

1. OTpumaHi pe3ynbpTaTd CBiAYATh MPO 3HAYHUU
BILIMB IIBHJKOCTI OXOJOMKEHHSI B TEMIIEPaTypHUX
iHTepBaJlax KpHcTanizanii KpioOionoriyHoi cucteMu
Ta HU3BKOTEMIIEPATYPHOTO €BTEKTHYHOTO PO3LIapy-
BaHHs PO3YMHY KPiOMPOTEKTOpa Ha Pe3yabTaTH Kpio-
KOHCEPBYBaHHS TPOMOOLIUTIB KPOB1 JIIOIUHH.

2. IloenHaHHA MPOrPaMHOTO 3HATTS IEPEOXOI0-
JUKEHHS! 3 TIEBHOIO KOHTPOJBOBAHOIO HIBUIKICTIO
MIPOXO/KEHHS TEMIIEPaTyPHOTO IHTEPBAITY KPHUCTATi-
3arii KpioOioNOTiYHOI CHCTEMH ICTOTHO IiABHUIILYE
e(eKTHBHICTh KPIOKOHCEPBYBaHHS, 0COOIUBO 32 Bijl-
CYTHOCTI KpiOIIPOTEKTOpA.

3. IlopiBHANBHUN aHAII3 PE3YNIBTaTiB 3aMOPOXKY-
BaHHs KT 3a pi3HUMH peXUMaMu OXOJOKEHHS
CBIIUNTBH, M0 €(EKT 3HUKEHHS CTYNEHS MOLIKO-
JOKEHHS! KJIITHH 332 PaxXyHOK MO€IHAaHHS 3HSITTA
MEePEOXOJOKEHHS 3 NMEBHOI0 MIBUIKICTIO MPOXO-
JDKEHHSI TEMIIepaTypHOIo iHTepBaly KpHcTamizawii
KpiobionoriuHoi cuctemMu pu kpiokoncepsysanHi KT
0e3 KpiolpoTEeKTOpa AOPiBHIOE e(heKTY 3aMOPOKYBaH-
Ha KT y npucyrrocti 0,7 M IMCO 3 mocriifHo10
IIBUAKICTIO.

4. Edhexr 3MEHIIICHH MTOLIKOIKSHHS TPOMOOIIUTIB
y pe3yabTaTi OXOJOKEHHS 3 MEBHOI KOHTPOJIBO-
BaHOIO IIBHWJKICTIO B TEeMIEpPaTypHOMY iHTepBai
HU3BKOTEMITEPATYPHOTO EBTEKTUYHOTO PO3IIAPyBAHHSI
PO3UYMHY KpPiOMPOTEKTOpa MOPIBHAHUN 3 e(heKTOM
3HM)KEHHS MTOLIKOKEHHS! KITITUH BHACII0K TIOETHAH-
HSl 3HSTTS NIEPEOXOJIOJKCHHS 1 MEBHOI IIBHUIKOCTI
MIPOXOXKEHHS TEMIIEPATypHOTO IHTEpBaLy KpUCTaIi-
3aii KpioOioJOTIYHOT CUCTEMH.
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cryoprotectant-free freezing by the programs 2 and 3
was about 34-37%, but it was 16-22% under cryopre-
servation with DMSO.

Thus, the procedure of overcooling elimination is
the way to avoid a rapid non-controlled extracellular
solution crystallisation and to reduce the probability
for intracellular crystallisation, providing the more
stable ice structure formation. However the results of
our research have proved that the overcooling elimi-
nation without controlling the rate of passing through
the range of cryobiological system crystallisation after
overcooling eliminating does not positively affect cell
integrity. Only combining the overcooling elimination
with certain controlled cooling rate within this tempe-
rature range may provide an essential decrease in
platelet damage extent.

Recent researches have revealed the phenomenon
of low temperature eutectic stratification of cryopro-
tective solutions. There was assumed that this physical
factor might cause the lethal damages in cryolabile
cells [10].

The second stage was aimed to study the influence
of samples’ cooling rate within the range of low
temperature eutectic stratification of DMSO solution
on the platelet damage extent. When increasing
cooling rates within temperature range of low
temperature eutectic stratification of cryoprotective
solution there is observed the tendency to reduce the
platelet damage extent after freeze-thawing, but the
rate, realised at a direct sample immersion into liquid
nitrogen is too high, that is testified by the results of
freezing with the program 1 (Fig. 3). The optimal rate
of passing through this temperature range under PCs
cryopreservation with DMSO is provided by applying
the program 7. No statistically significant differences
between the indices of platelet damage after PCs
cryopreservation with DMSO by the programs 2 and
4-7 were revealed.

Our further research will be aimed to obtain the
optimal regimen for platelet cryopreservation due to
combining a programmable overcooling elimination
with a controlled cooling rate within the range of cryo-
biological system crystallisation and low temperature
eutectic stratification of cryoprotective solution.

Conclusions

1. The results obtained testify to a significant effect
of cooling rate within temperature range of cryo-
biological system crystallisation and low temperature
eutectic stratification of cryoprotective solution on the
results of human blood platelet cryopreservation.

2. Combining a programmable overcooling elimi-
nation with certain controlled rate of transition
thorough temperature range of cryobiological system
crystallisation significantly augments cryopreservation
efficiency, especially under cryoprotectant absence.
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5. Po3po0Oka onTUMaIbHOTO PEKUMY KPIOKOHCEP-
ByBaHH: KT MoxnuBa nutiie 3 ypaxyBaHHIM e(eKTiB,
IO BUHUKAIOTh B 000X BHIIE3a3HAUYCHUX TeMIlepa-
TYpHHUX iIHTepBaJIaX i 38 YMOBH IX IPOXOPKEHHS 3 T1EB-
HOIO IIBUAKICTIO OXOJIO)KEHHS.
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3. A comparative analysis of PCs freezing results
with different cooling regimens testifies to the fact,
that the effect of decrease in cell damage extent due
to combining the overcooling elimination with certain
rate of transition through temperature range of
cryobiological system crystallisation under PCs
cryopreservation without cryoprotectant is equal to the
effect of PCs freezing in 0.7 M DMSO presence with
constant rate.

4. The effect of decrease in platelet damage as a
result of cooling with certain controlled rate within
temperature range of low temperature eutectic
stratification of cryoprotective solution is comparable
to that of decrease in cell damage as a result of
combining overcooling elimination and certain rate
of transition through temperature range of cryo-
biological system crystallisation.

5. Elaboration of optimal regimen for PCs cryo-
preservation is only possible if taking into account
the effects, occurred in both mentioned above tempe-
rature ranges and when passing through them with
certain cooling rate.
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